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SCOPE

This handbook has been prepared as a guideline to contamination
control practices for those persons engaged in the design of aero-
space ground fluid systems and portable equipment. The term
"fluid", as used herein, implies either hydraulic oil, gaseous ni-
t rogen, or gaseous helium. The handbook considers 'contamination
to consist of solid particulate matter foreign to the fluid in
which it is entrained; it does not consider impurities such as
trace gases or volatile hydrocarbons. Water is treated separately
where appropriate. The guidelines contained herein also apply in
general to gaseous oxygen, gaseous hydrogen, fuels, and the cryo-
genic fluids; however, no attempt has been made to treat problems
that are peculiar to these fluids. For example, hydrocarbon re-
moval is quite important in oxygen systems; hydrogen demands spe-
cial treatment for explosion-proofing; and the cryogenics present
special problems such as valve stem sealing, moisture freeze-out,
etc.

Further, the material presented herein is not intended for pre-
cision airborne equipment, servo valves, gyros, or air-bearings, or
ground systems that interface with the vehicle. While the princi-
ples are applicable, the degree of control must be carried further
than is normally necessary fer ground systems. “

No attempt is made herein to cover the design, construction,
or operation of clean room facilities or equipment. Suggestions
are presented in a brief manner concerning cleaning agents and
methods, along with a discussion of the necessity of environmental
control during assembly and maintenance operations.
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INTRODUCTION

The problem of specifying cleanliness requirements for aero-
&pace ground equipment, hoth systems and components, is one for
which very little uniformity of thought exists throughout the
industry., This wide diversity of opinifon extends from the de-
figner who must exact high reliability requirements from hig de~
vice, to the technician assigned the responsibility of attaining
near-im .ossible levels of cleanliness, Often, the imposition of
unnecessarily stringent cleaning requirements actually causes
functional degradation of a component, which may or may not ap-
pear during acceptance testing, It jg an abgolute impossibility
to attain and maintain a zero level of particulate contamination;
yet all too often, attention is completely focused on contaminant
removal, rather than on the conception of designs and procedures

for all phases from initial design through procurement, installg-
tion, operation, and maintenance., The important consideration {g
to control the level of contamination only to the point whereby
it will not constitute a hazard or degrade the function of the
product concerned.

With this concept as a goal, this handbook has..been prepared
to assist designers and other interested persons in dealing log-
ically and intelligently with the problems posed by particulate
contamination in ground fluid systems. Majo: topics discussed
include (1) the nature of contamination; (2) the effects of con-
taminat{on; (3) determining and attaining required levels of ini-
tial cleanliness; (4) considerations during design; and (5) main-
taining operational cleanliness levels, b
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NATURY OF CONTAMINAT ION

Types of Contamination

The term "particulate contamination' as used herein encompasses
the comvlete range of foreign materials found in fluid ayetems as
well as ambient contaminants found in the environments in which the
systems operate, Probably the most common materials encountered
are metalliec chips or siivers generated during various manufactur-
ing processes; sloughed portions of rubber O-rings or plastic seats
generated during component operation; grains of sand or dirt that
enter the aystem when it 18 opened to the atmoaphere, or that are
contained in the fluid; and skin particles or ecloth fihers that are
gonerated during handling and installation operations, Other con-
taminants that occur but are less obvious are sorrusion products;
plating flakes; chemical products, such as thread lubricants or
hydra:lic ol decomposition residucs; and paint flakes. Although
not defined as particulate, water is also considared herein in con-
nection with the formation of corrosion products, Kxamples of non-
particulete contamination, which are not discussed in this handbook,
are chemical, such as trace gases, volatile hydrocarbons, cte, and
biological, such as bacteria, fungi, spores, etc,

The particulate contaminants considered range widely in form
or shape but are generally rough and irregular. Crystalline forms
are sometimes found, as with silica or fluid decomposition pro-
ducts., The idealized, ~rh::ical particle is seldom seen, except
perhaps where glass beac: -~-.: been used in a manufacturing proc-
ess. Fibers are commonly definhed as having a length-to-width ratio
of 10 to 1 or greater. The most undesirable contaminants are ir-
regular, sharp-edged metallic or inorganic particles that erode
surfaces, cut seals, score seats, and agglomerate readily, thus
{illing clearances or clogging orifices. Large numbers of fibers
are also prone to form a mat which, in turn, traps smaller parti-
cles, thus clogging small passages and orifices.

Particle density will vary widely with respect to that of the
system fluid. This density ratio, along with flow velocity, will
govern whether contaminants will remain entrained in the fluid, or
settle out and collect in traps and blind areas. In gené¢ral, set-
tling will predominate in gaseous systems (except for extremely

small-sized particles), whereas in hydraulic systems entrainment
is most likely to occur.

b e e s Atk . R — e e —




Sources of Contamination

There are threc major ways by which contaminants may be intrvo-
duced into, or developed within a system: built-in, generated, and
external., All three are, to some extent, beyond immediate control
of the designer; thus, it is imperative that thzir potential he

' recognized when evaluating the nccessity for control equipment and
procedures.

Built-in contamipnation 18 that which is created during manu-
facture and assembly, These may be classified as resaidual mnld
sand on castings, lapping compound, lathe and drili chips, prind-
ing debris, weld aplatter, damaged seal materials, and migration
from filters., Such materials left over from manufacturing and
asgemhly operations are among the most hazardous because they ave
usually hard and abrasive, and often (as with lapplng compound)
oxtremely fine and difficult to ramove. Tent heneh fluids are a
common source of contamination, not only becausa they tend to e
overlovked on the assumption that they are clean, but bheeansc thev
usually involve the last operation bufore system activation,

Cenerated contamination is that which i8 created by actual op-
cration of the system, This is normally debris gencrated by slid-
ing surfaces, abraded scals, hose {lexure, fluid degradation, and
other chemical or physical processes. 1'low across orifices and
valve spool edges may generate contaminants caused by erusion or
cavitation., Creation oi such material will continue as long a¢
the system is in operation. It is generally agreed that pumps
are the major source of such contamination, followed closely by
materials from damaged seals, sliding mechanisms, and other close-
tolerance parts.

External contamination is that which finds its way into the
system from the outside environment. The contaminant type and
size will vary according to the system location and the proficiency
of operating personnel. Most common types consist of airborne
dust, sand, and moisture. Opportunity for entrancre exists at re-
licf valves, breathers, on exposed cylinder rods, and during san-
pling operations, make-up fluid addition, and malntenance opera-
tions. Condensation i8 a source often overlooked, as is the addi-
tion of improper {luid in hydraulic systems; beth of these can
cause fluid degradation.




Physical Relations

The designer should fully understand that all of the types of °
contamination described above arc detrimental, and often cxist as
particles 6o small as to be invisibhle to the naked eye, The norma)
unit of measurement for particulate contamination 15 the micron
(i), 0,000001 meter, Thus,

1 mieron = 0.0000394 inch

I mieron = 0,001 millimeter

or,

I millimetor = 1,000 microns
I inch & 25,400 microns

The lower 1imit of visibility is commonly considered to be 40 mi-
crond; a human hafr is approximately 100 microns in diametor.
Figures 1 and 2 present conversion data for some common ohjects

and materials, Figures 3, 4, and 5 show cofmmon shapes that parti-
culate matter can assume,

When measuring particulate matter, the common practice is to
gage and report the longest particle dimension., In ground f{luid
systems and components, the smallest particle of ordinary cuncern
is 5 microns, and numerical control is usually attempted up to a
maximum of 2000 microns., Fiber length limitations often extend
to between 4000 and 6000 microns. Such particles are of course
casily scen by visual examination, being several millimeters long.
The emphasis of this handbook is on particulatc matter of & size
that requires microscopic techniques for identification.




(]
2 Yicrons

o)

5 Microns

Note:

1 Inch
1 Millimeter

Relative Size of Prarticles
Magnification 500 times

44 Microns - 100 Mesh

74 Microrns

44 Microns
325 Mesh

200 Mesh

Linear Equivalents

25.4 Millimeters
0.0394 Inches

25,400 Microns
1,000 Microns

. 1 cqq s
1 Micron Egjzaa'of an Inch 0.001 Millimeters
1 Micron 3.94 x 107 0.000039 Inches

Relative Sizes

Lower Limit of Visibility (Naked Eye)
White Blood Cells
Red Blood Cells

40 Microns
25 Microns

8 Microns

S Micions

25 Microns

Bacteria (Cocci) 2 Microns
Screen Sizes
Meshes Per Uu.s. Opening In Opening In
Linear Inch Sieve No. Inches Microns
52.36 50 0.0117 ————— 297
72.45 70 0.0083 —————- 210
101.01 - 100 0.0059 ————— 149
142.86 - - — 140 ——— 0.0041 —- 105
200.00 - - -=-200 -—-— 0,0029 - -————74
270.26 -— 270 —-— 00,0021 ~— 53
123,00 - 325 -— = 0,0017 —————— 44
0.00039 —————-10 .
0.000019 — -———— 0.5
Figure 1 Sigze Conversion Chart
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Figure 4 Cotton Lintner Fibers (100X Magnification)




EFFECTS OF CONTAMINATION

Static Effects

The three most common effects of entrained particulate matter
on static components are (1) clogged filters, (2) plugged orifices,
and (3) leakage,

Clogged filters may oceur where the filter is under-designed,
in systems that contain extremely large quantities of particulate
matter, or in systems over which poor maintenance procedures are
exerciscd, Probhably the majority of fluid systems contain filters
that are coffective down to the 10-40 micron range; thus, particles
smaller than this size pass through the filter unaffected, Gross
amounts of contaminants larger than this size will collect on the
surface and ultimately block passage of the fluid to a point where
the pressure drop of the filter i1s detrimental to proper system
function, Such a situation usually occurs due to the presence of
a severe contamination generator within the system, the addjition
to the system of uncontrolled make-up fluid, or fluid degradation
resulting from chemical reactions, Proper design and specified
maintenance procedures must be enforced to prevent this situation
from occurring, The use of filters containing built in AP indi-
cators is an aid that can be utilized in this respect,

The filtration efficiency of a filter increases as the fiber
loads up with contaminant, Figure 6 shows the relation of fil-
tration efficiency between a clean and dirty filter,

Plugged orifices may result from random large particles or
fiber-matting in what may be relatively clean fluid, Orifices
are usually of a size that will permit free passage of the smaller
size particulate, Agglomeraiion of smaller particles in hydrau-
lic systems can be a factor, especially in systems that see long
inactive periods and use MIL~H-5606 fluid, This phenomenon is
discussed in more detail in a later section of this handbook,
Adequate filtration is the only solution to this problem, and
cven that cannot be guaranteed because fibers in particular may
pass through surface type {ilters, Depth f£il:ers should be spe-
cilfied in especially critical applications (orifice sizes in the
order of 0,010 in,),.

Static lcakage fallures result from large hard particles be-
coming imbedded on the soft seat of a component, or scratching
and gouging ol metal-to-metal scats, O-rings and seals, damaged
during asscembly, are also a prevalent cause of static leakage,
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Filtration is usually an adequate answer to this problem, Large
particles are generally the cause of static leakage failures,
Many components contain relatively coarse, built-in filters to
combat this problem, Especially critical components can also be
protected by using small in-line filters, as long as pressure-
drop considerations can be met,

Dynamic Effects

There are three common effects of entrained particulate mat-~
ter on dynamic components: (1) atiction, (2) silting, and (3)
wear,

Stiction is an acronym used to describe the phenomenon of a
[orce increase necessary to impart motion to a sliding part, such
as a piston, The word is derived from "sticking" and "friction"
both of which imply dependence on the materials and fluids in-
volved, The component clearances and the cleanliness level of
the fluid are the determining factors related to stiction, The
effect of the contaminant is to raise the force level necessary to
impart motion, Extremely fine particles, those that casily pass
through normal filters, are the contributing factor of stiction,
Exceptionally fine filters, in the order of 0.5 to 2,0 micron
rating, can be specified, but a better solution is the procure-
ment of components that provide a wide margin of safety on actuat-
ing force provision,

Silting is a term that refers to the buildup of fine parti-
cles to the point of restricting or preventing motion, The tend-
ency of a contaminated fluid to disrupt proper functioning of
close-clearance components has becn related to a "Silting Index",
The $1lting Index is determined by a specified procedure (ARP-788)
that measures the pressure drop across a filter element and is a
function of the (luld contamination, Procedure ARP~788 has been
discontinued because of the poor correlation between existing
agencies, Silting often results from heavy contaminant generators,
or from chemical degradaticn of hydraulic fluid, It is usually
only a problem in servo valves and similar parts containing clear-
ances less than 0,0001 inch, Fine filters (0.5 to 2.0 micron)
installed immediately upstream of the critical item, combined
with strict fluid contamination control are necessary to prevent
silting,

Wear of metering edges, seats, and orifices can result from
the erosive action of contaminated fluid under conditions of
significant flow quantities and velocities, This is particularly
evident in high-velocity gaseous systems, and in cases where con-
tamination generators are in action, Hard particles such as sand
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and fine metallic particles penerated by pumps and other stiding
mechanisms are exceptionally abrasive when moving at high velovi-
ties, Erosion of soft resilient materials 13 less prevalent than
on hard metal becanse the particles will bound off the reaflient
material without causing damage, FErosion of metal parts will al-
80 occur where the flow stream changes direction, The flow stream
will change direction, but the particles with their velocity vec-
tor will impinge on the metal surface causing erosion, Components
containing diaphragms and thin metallic bellows should receive
congideration in this respect, The larger, heavier particles are
less of a factor in erosion problems; as with atiction and silt-
ing, it is large quantities of {ine particles that are detrimen=-
tal, Wear caused hy erosion can be minimized by increasing flow
arcas, decreasing [low velocitlies, and preventing direct Ilmpinge-
ment on metal surface, Fine filtration aud frequent system fluid
sampling are again neccssary to eliminate and control the fine
particles that are the source of erosion failures,
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REQUIREMENTS FOR CLEANING

Problems of Unnecessary Cleaning

Unfortunately, when considering the cleanliness requirementsg
of a component or system in the design phase, too many designers
are inclined to 'make it and keep it as clean as possible'", This
attitude reflects lack of professional responsibility by the de-
signer and inevitably leads to the unanswerable question "How
clean is clean?" The designer must ask himself, "How clean must
this part be to function properly and reliably?", and it is his
responsibility to determine vealistic requirements for those fea-
tures of the product that are critical, Unnecessary restrictions
will result in high component costs, time delays, and can even
be detrimental rather than beneficial to twe deliverable item,
The following criteria should be rigidly observed:

1) Do not specify a higher level of cleanliness than can
be logically justified, Speciflying an ultra-clean
level just to be on the saf~ side, or calling for
the cleanest level available at the facility, can
have serious consequences;

2) Precision cleanliness should not become a requirement
during the manufacturing cycle until it actually be-
comes criticaly

3) Do not specify general terms such as "“shall be free
of dirt and particles" or '"shall be assembled in a
clean area', Quality Control personnel must have
specific requirements to work to;

4) Do not automatically transpose requiremeénts from one
product to another, Each item or system should be
evaluated in the context of its own application;

5) The total cycle of a component from manufacture,
through cleaning, and to its final use point should
be considered in contamination control, Anticipate
conditions of acceptance testing, packaging, and ex-
tended storage, Much money is was. .d and potential
harm {s done by inattention to details after the final
cleaning and assembly operations,

More specific guidelines for specifying cleanliness require-
ments of components, systems, fluids, and environments are pre-
sented in the following paragraphs,

e e o — - —-—
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Component Requirement s

The requirements specified for a fluld component not only af-
feet its own reliability, but also reflect the charvacteristics of
the aystem in which it must perform, Miuration of contamination
from one component may affect many othevs downstream, The primary
reason for specifying a component cleanliness level is to attain
an ultimately satisfactory system operating condition, Component
levels should be more stringent than the desired system level,

As a minimum, consideration should be given to the following items;

1) Fluid viscosity, denaity and velocity;

2) Reliability requirement and redundancy;

3) Statistical analysis of past parformanco;
4) Type of filtration in the ayst.em;

5) Minimum clearances and orifice dimansions;

6) Amenability to cleaning practices (complexity, cali=
bration, compatibility to solvents, cle,);

7) Amenability to postassembly cleaning (after system
installation);

8) Reactivity of cleaning residucs with system fluid;
9) Necessity of lubrication for satisfactory operation;
10) Strength of positioning and actuating forces,

It is recognized that it may or may not be possible for the
designer to accurately predict the point at which contamination
will become a problem; he must, however, identify susceptible
features and stipulate measures to assure their integrity until
the end use, Whenever possible, proven standards of cleanliness
should be specified, Good communications between Design, Manu-
facturing, and Quality Control are essentiail.

System Requitrements

Establishment of system cleanliness requirements are dependent
upon the function that the system performs. A system supplying
gaseous nitrogen for cooling spacecraft navigational equipment
must be much more carefully controiled as compared to one supply-
ing hydraulic [luid for access platform actuation, or onc provid-
ing deluge water, This usage also reflects upon component clean-
liness requirements, and those of the fluid itself, Attention
should be given to the following areas:




1) Particulate tolerance for the end use of deliverable
fluids; )

2) Practical extent to which flushing or othec cleaning
operations can be applied,

3) Advisability of cleaniny with spool pieces prior to
component installationg

4) Quality of {iltration equipment avallable,

9)  Comparison of contamination sensitlvity of similar
synbtoems

n)  Reactivity of cleaning residues to syatem §luld;
/Y Presonce of potential contamination generators;

B FEffect of the syitem cleanliness level on component
rellabil iy,

Fluld systems require eleaning prior to placing the system
in operation; and also when the system c¢leanliness level has ex-
ceeded gpectfication because of component failore, wear, ov bes
cange of the {ntroduction of an Incompatible tluid, Depending on
the degree and type of contamination, there are two methods that
can be used to ¢lean 4 system:

1) Flughing with a new working {luid;
2) Chemical cleaning,

a) Disasscmbly of the system and recleaning of all
individual components,

b) In-place cleaning of the entire system,

Flushing the system with its own working fluid is gencerally
the most cconomical and compatible means of system cleaning,
particularly for systems requiring less stringent cleanliness
levels,  Fluid system flushing is accomplished by draining the
syslem, replacing filter elements, and then flushing the system
with larpe quantities of working fluid, This procedure is ace
ceptable for the removal of loose particulate matter, .but cannot
be used to dissolve and remove adhered and entrapped substances
because of the limited solubility of most contaminants in the
working flulds, Gross cleaning can be performed prior tuv assem=-
bling the system, as can localized procedures to dissolve and
remove adhered or entrapped substances for which flushing would
he ineffective.

Disassembly of a system and its compunents is expensive, but
sometimes it is the only method by which the system can be fully
ol vnm-d N
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In-place cleaning is accomplighed by flushing or soaking the
gystem with proper cleaning agents, followed by vinaing, purging,
drying, and testing, This method has the advantage of not re-
quiring disassembly and veassembly of the aystem, It has dis-
tinct disadvantages associated with its inability to remove all
of the cleaning agents, Cleaning fluids will become trapped in
volds and pockets, may cause stress corrosion, may be incompatible
with scals, matevials, or the working fluid, and may leave reai-
dues or films that may be a contaminant to the system or present
a harardous reaction with the working fluid,

Fluid Requirements

Fluid cleanliness refeys to the condition of the fluid hoiore
{t is placed in service; once the systom has been activated, it
. is no longer possihle to distinguish the fluid from the aystem
' In which 1t 18 contained, The following factors should be con-
sidered for unused fluld:

1) Particulate requirements of the system components;

2) Reaction of the fluid to construction materials
and cleaning agents;

3) Cost of cleaning the fluid;

4) Accumulation of contaminants between the point of
manufacture and the point of usage,

5) Sllting characteristics of the fluid;
6) Fluid auscebfibility to chemical degradation;

7) Filtration capability of the using system,

It is very important to make the distinction that new fluid
is not necessarily c¢lean fluid, Nearly all fluid procurement
specifications permic designated quantities of hoth particulate
and chemical contamination, New fluid requirements more stringent
than this can be extremely difficult and costly to attain, The
greatest simplicity and economy of system operation will be ac-
hieved by designing to existing fluid cleanliness specifications,
or even lower if at all possible,

Environmental Requirements

The environment within which a fluid system is required to
operate is a major source of contamination, yet the one over
which the designer often has the least control; in fact, for ma-
jor Cluld svstoms, complete environmental control is not practical,




17

It is common practice of course to clean and assemble components
in "clean rooms'" or various other types of controlled environments;
it is even possible to clean system plumbing in this manner, if
relatively short lengths (and consequently many joints and in-
creased leakage susceptibility) can be tolerated, However, these
clean components and pipe segments must finally be assembled in
the field, Maintenance operations must be performed, samples
must be taken, and make-up fluid must be added. All of these op-
crations require that the system be opened to the atmosphere to
some extent, subjecting the system to airborne, generated, or
built-in contaminatoon, The designer can only specify procedures
that are aimed at reducing these deleterious effects to a minimum,
The following recommendations may be of help:

1) Use of plastic "hoods" or '"tents'" with a low internal
positive pressure will greatly reduce the entrance of
sand and dust when a component must be removed and re-
placed in the field;

2) Washing of open fittings with a suitable solvent im-
mediately prior to assembly;

3) Sparing use of thread lubricants. Teflon tape is
satisfactory if properly used, If too much tape is
used it will shred on the end of the fitting and be-
come a system contaminant;

4) Specify procedures for precautions and awarenass during

sample taking, test equipment hookup, and make-up fluid o
addition;

5) Prohibit maintenance operations insofar as possible
during rainy or windy weather, or while dirt-producing
operations are being performed nearby,

Since the designer's abilify to control the environment is
often limited, it is to his advantage to encourage and promote
training sessions or other educational techniques to acquaint op-
erational and maintenance personnel with specific areas of system
criticality regarding cleanliness., Personnel who will operate or
maintain the system should also receive Contamination Control Cer-
tification, A much greater degree of cooperation can be antici-
pated when the underlying reasons for certain practices are well
understood by those concerned. Figures 7 and 8 show some of the
particle sizes and quantities that can be generated by the most
ordinary, everyday types of activities,

[ - LR c— o > i 2
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Personnel Factors

Times Increase Over Ambient Levels for
Particles 0,2 to 50 u

Personnel-Protective Clothing (Synthetic Fibers)

a, Brushing sleeve of uniform,

b. Stomping on floor - no shoe covering.
¢, Stomping on floor with shoe covering,
d. Removing handkerchief from pocket,

Personnel per se

4, Normal breath.

b, Breath of smoker up to 20 minutes

after smoking.
¢. Sneezing.
d.  Rubbing skin on hands or face,

Personnel Movement

a, Gathering together 4 to 5 people at

one immediate location,
b. Normal walking,
¢. Sitting quietly.

d. Dry box or enclosed box with absolute

filter - no activity,
e. Dry box with hands inside.

1.5t0 3
10 to 50
1.5t0 3
3 to1l0

None

2 to §
5§ to20
0 to 2

er
© o
§8¢
-0
Y

None
0.01

Figure 7 Effects of Personmnel

Activity Approximate Size (Microns)
Crumpling or folding paper. 85
Writing with ball point pen on ordinary paper, 20
Vinyl abraded by a wrench or similar tool. 8
Rubbing or abrading an ordinary painted surface. 80
Rubbing an epoxy painted surface, 40
Handling passivated metals such as fastening materials. ' 10
Seating screws, 30
8liding metals surfaces (nonlubricated). 78
Belt drive, 30
Abrading the skin, 4
Soldering (60/40 rosin flux cored solder). 3
Oil smoke particles, 0.1

Figure 8 Typical Sources of Particles
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CLEANING TECHNIQUES

Ordinarily, the designer's responsibility does not extend into
the process area where cleaning agents are utilized and cleaning
methods are employed, However, a general working knowledge of
these materials and processes is almost indispensable before in-
telligent decisions concerning product cleanliness can he made,
Therefore, a brief treatmént of cleaning agents and methods fol-
lows; for a more complete discussion consult Reference 2,

Cleaning Agents

Surface contamination can be removed in many different ways
to suit various purposes, For example, a metal part may he
wiped with a rag and considered visually clean; if it is to be
plated, however, further chemical cleaning will probably be neces-
sary; even -hen a residual oxide film may exist which requires
an acid dip to create a condition of metallurgical cleanliness,

In the case of fluid systems and components, two main types
of cleaning are utilized: (1) shop or gross cleanup, and (2)
final or precision cleaning, Shop cleaning involves rough methods
such as grit-blasting, abrasive tumbling, pickling and descaling,
wire brushing, etc,, and will not be given further treatment
here, Final or precision cleaning involves the use of various
chemical agents to remove the contaminant to a predetermined
level, Some of these agents are detergents, soaps, acid or alka-
line cleaners, solvents, or plain tap water, The choice of the
agent to be used depends on several factors, some of which are
important to satisfactory product function:

1) The agent must be capable of removing contaminants
by dissolving them or washing them away, The choice
of the cleaning agent must involve a knowledge of
the nature of the contaminant, as a specific agent is
required to remove a particular variety of soil;

2) The cleaning operation must not be detrimental to the
basic product material, This implies that all ma-
terials of construction must be positively identified
by the designer, Whenever pogsible, the agents should
be inhibited or stabilized to prevent the development
of corrosion along with the cleaning action, Prouper
consideration of compatibility will prevent such
detrimental effects as tolerance reduction, hydrogen
embrittlement, stress corrosion, and elastomer de-
terioration;
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3) The agent must not leave film or residue on the sur-
face that may later react with the operational fluid;

4) The agent must be amenable to filtration or other
means of reducing its particulate count to a level
lower than that required for the product being cleaned;

5) For maximum economy, the agent should be reclaimable
to some degree,

Thoughtless use of cleaning materials 1s an area of negligence
that can result In poor system performance or even structural
failure, The deaigner should be thoroughly familiar with all ma-
terials and methods contained in any cleanlineass specification
that he calls out, in addition to the particulate levels that [t
requires (Figure 9).

Cleaning Methods

The manner in which a product is cleaned will depend to a
great degree on threc factors: size, ease of disassembly, and
cleanliness level requirements, Throughout this discussion, it
is important for the designer to remember that a particle count
of the final rinse is not a measure of the amount of contaminant
that may still reside in or on the product, but only a count of
the particles that come out in the sampling fluid, More atten-
tion should be given to the cleaning processes used to clean a
part than to a specific particle count,

Flushing - This is the simplest method and is most often em=-
ployed for tanks, accumulators, and piping, The cleaning agent
can be the opcrational fluid or a specific chemical; in either
case it must be filtercd or otherwise cleaned to a more stringent
level than that rcquired for the product, No disassembly of the
product is required for this type of cleanin. operation, The
technique is to introduce a specified amount of fluid into the
product and cither allow it to pass out the other end, or drain
it back out of the inlet, Better cleaning will be realized if
the flush fluid is flowed at or above the flow rate that the
component will experience in actual operation, If necessary,
the process is repeated with fresh fluid each time until the re-
quired level of cleanliness is attained, If size permits, the
part can be agitated or vibrated to assist in loosening the con-
taminant, This method presents two distinct disadvantages: (1)
it is virtually impossible to ensure that all traces of liquid
cleaning agents are removed from the product, thus posing possi-
ble corrosive problems; (2) the cleaning agent may remove lubri-
cants that are necessary to succéssful operation of the product,
For these reasons, this method is most successfully used with the
system fluid as the flushing agent, and where relatively loose
particulate requirements exist,




Precleaning Processes

NOTE

(1) Symbols in the block denote a
recommended process for the
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surface condition indicated, and 1% g
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' in consecutive order from left | ' b f ‘ g
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Material Surface Condition KRS8 ERIEIS|SESIAI8 4
Aluminum, brass Bare or machined,
bronze, copper free of heat oxidation XiXixX XXX
Anodized or chemical
film coating X! XX XXX
Weld scale, corrosion,
or heat oxidaiion XIXixIxX XXX
| - Stainless steel Free of scale XIX|X ‘ X|X|X
Weld scale, corrasion,
or heat oxidation XX XX X IXIX[XIX
Carbon steel Free of scale XXX X X XXX .
Weld scale, corrosion, _
or heat oxidation X XXX XXIXIX XXX
Non-metallic parts, As received
elastomers®* . XX XXX
Electroplated As received
parts and dis-
. similar metals XXX X|X|X

Figure 9 Selection Chart for Cleaning Processes
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Detail Parts - Cleaning of detail parts is probabhly the most
common method employed for complex components, Here, the product
is completely disassembled and each detail part is individually
cleaned in the cleaning agent, ViIbration, oy ultrasonics will
again enhance the cleaning operation, Cleanliness verification
ig accomplished with a filtered flush fluid, When performed in
a controlled envivonment, this method ig capable of attaining
stringent cleanlineas levels, The detail parts can be thoroughly
vacuum or heat-dried to assure removal of all traces of the clean-
ing agent, This method also has two inherent disadvantages:
first all the individual clean detail parts must of course he re-
assemhled and even though this operatlion is performed in a clean
room, contamination can he generated in many ways; screw fasteners
must be installed, lubrication must be applied, O-rings must he
inserted, etc, Thus, when the finished unit 18 completecly reas-
sembled, there i8 no real asgsurance that the particulate count
remaing acceptable, Secondly, most complex fluid components will
be required to pass an acceptance or functional test, after clean-
ing, prior to leaving the manufacturer's facility, This obviously
means hookup to a test bench and flowing of a test fluid, It is
here that many components are contaminated far beyond the allow-
able limits cstablished by the designer, unless adequate filtra-
tion is applied to the test fluid, Unless thorough attention is
paid to all steps of the operation through assembly, test, and

packaging, all the effort expended on cleaning the product may
be voided,

Ultrasonic Cleaning - This is accomplished by immersing the
part to be cleaned in a solvent solution that has a specific
sonic energy applied to the solvent bath by transducers mounted
in the cleaning tank, The sonic energy produces cavitation on
the surface of the part that will loosen the contaminant, This
method offers a distinct advantage in that it is capable of re-
moving contaminant from crevices and blind areas, It {s generally
performed in a controlled area adjacent to the clean room and
requires special equipment and trained operators, It is capable
of damaging or destroying fragile equipment, Many diffcrent
cleaning agents can be employed, along with varying temperatures
and energy input levels, For a very complete description of this
process, the reader is directed to Reference 2,

Vapor Degreasing Equipment - This is often used on parts that
cuntain stubborn f£ilms or tightly adhered contaminants that would

be difficult to remove by hand, Like ultrasonics, it is ordi-
narily used prior to the final detailed rinse if stringent clean-
liness levels exist, It is not used in a clean room, Again, a
large variety of cleaning agents may be used (Reference 2),

s T
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The designer should note that many of the agents used in the
processes described above present hazard or toxicity problems,
some of which are quite substantial, S8pecification of a particu-
lar agent may require safety procedures calling for special cquip-

. ment or significant facility alterations, Thus, the design ac-
tivity should not randomly call for specific agents without due
consideration of existing facility capability,

23
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FILTRATION

From the forepoing discussions it is obvious that sufficient
anomalics exist in system cleaning techniques and the verification
of cleanliness to preclude sole reliance on these methods for op-
crational reliability, Good design practice therefore inecludes
thoughtful provision of filtering devices in hoth liquid and gas~
cous systems, Filters in a system do present some limitations
such as pressure drop and the requirement for maintenance of the
filter elements, 1t is also possible for an inadequately de~
slgned or malntained filter to render a syatem inoperative hy
clogging and subsequent rupture of the element, Nevortheless,
filtration is the best means of achieving reliable operation of
critical fluid systems, The systems designer should thercfore
become familiar with the various types ol filtration cquipment
avallable and utilize it to advantage in satiasfying the contami-
nation control requirements of hia product, The following dig-
cussion highlights the most pertinent factors to be considered
for meaningful filtration.

Rating Terminolopy

Filters are rated or classified according to the size in mi-
crons of the largest particle they will pass (or conversely, the
smallest particle they will retain), Thus, a 10-micron filter
will theoretically retain all particulate matter 10 microns in
size and larger. Somewhat complicating this definition is the
fact cthat two rating figures are sometimes presented; nominal
and absolute, The absolute rating is the diameter in microns of
the largest spherical particle that the filter will pass, Nomi-
nal ratings are generally interpreted as meaning the minimum size
to which 984 of particulate removal may be expected, The tcrmi-
nology '"nominal rating" has often been misinterpreted and now
the trend is generally towards only specifying an "absolute rat-
ing", Another fact to consider is that the gereral industry
practice is to rate filters based on liquids as the working fluid
A given filter element will trap particles down to a smaller size
when the flowing medium is gaseous, (At least one manufacturer

rates each of its elements according to liquid or gaseous ser-
vice),

Filtration Techniques

Since rating implies particle size, it is thus interrelated
to the definition of particle size, Since the vast ma jority of
particulate matter is irregularly shaped, it becomes apparent
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that a filter may indeed pass particles, and especially fibers,
whtieh are targer In one or two of the dimensions than the abso-
lute rating of the ({lter, The determining factor is the orien-
tation of the particle at the time it meets the filter, which of
course is purely random, This clfect is mest noticeable on gur-
face type f{ilters, wherein filtration is accomplished by impinge-
ment and retention of the particulate on a matrix of pores or
opening on a single plane, To combat this effect, depih-type
filters have been developed which, as the name implies, present
a matrix of pores In series, Filtration occurs not only at the
surface, but throughout the thickness of the media that present:
a tortuons, clrcultuous path,

These two filtration techniques, surface and depth, each of-
fer various advantages and disadvantages concerning such factors
as pressure drop, cleanability, dirt-holding ability, cfficicncy,
collapse pressurce, wmedia migration, maintainahility, and cost,
Due to the wide variety of equipment available, it is highly rec-
ommended that filter manufacturers be contacted during the de-
sign phase for assistance in technique and media selection,

Filter Media Description

The material from which the filter element is made is known
as the media, Many different matericls and construction tech-
niques are available to meet various system requirements; some
of these are pictured in Figures 10 and 11, A description of the
major types is presented below, .

1) Woven wire mesh is produced on a loom in the same
manner as conventional cloth materials, The opening
is a square pattern and presents a straight-through
path to the fluid, Twilled weaves (Dutch twill) '
that present a more circuitous path to the fluid
are also available, These media are of the surface
type. Since there is no mechanical bond hectween points
of wire intersection, the mesh may distort and allow
random passage of large particles, Initial cleanli-
ness is difficult to obtain because contaminants are
woven right into the mesh if not eliminated prior to
manufacture, These contaminants will continually
work loose (migrate) during the life of the element,
The weave may also be sintered,

2) Wound wire mesh is similar to woven wire except that
the cloth is formed by helically cross-winding wire
on a mandrel, The wires are then sintered and the ;
cloth is removed from the mandrel and either retained

PR o ~ - N . [ p—y v - . P— L . '




T e
' e _% . (‘ .
" e / -z
H—; —
CROSS SECTION —_— g o
aF TOP VIEW
RINON STACK o ——
Wigtrvigi W e e (8 .~y
ST1ACKLD w W
WASHER ™ > y
CYLINOIR NBRON CYLINDE é&. - = CORRUGATED CYLINDIRS
CROSB SLCTION
Edgo Fiiters Dutch Twill Weave Wire Clath
MEDIA L
k
£
£
li
13
MEDIA 9
\\; < S
CYLINDRICAL ON CORRUGATED CORRUGATE
SUPPORTING MANDREL - INTERNAL MANDREL - INTERNAL AND
EXTERNAL MANDREL
Woven Square Mésh Wire Cloth TUBULAR
Woundwire Media .
Figure 10 Metallic Filte- Media

Lo - T g ETT——— st et - - Rontaien AN s




o1y

CORBUGATEDR C'rLIMDER

Sintered Paraus Matal Fllter

CYLINDER

Mémbrane Filter

CYLIMDERS (TRl AR) CORRUGATED CrLHIDER C'l’ll""![ﬂ

Garhposite Sintered Perous Motal with Wire
Mesh
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CONVOLUTED
DISC MEDIA

CYLINOER CORUGALED CYLINDER

Pressod Paper or Fiber Fiiter

CYLINDER ASSEMBLY CONVOLUTED CY LINDER
ASSEMBLY

Etched Disc Filter

Figure 11 Filter Element Design and Material
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3)

4)

5)

6)

)/

8)

in cylindrical form or slit into sheet, These media
are essentially of the surface type but do presaent
some depth and are less liable to distort, Migration
problems are similar to those of woven cloth,

Sintered metal filters are manufactured in a wide
variety of forms by asintering a solid bloek of me-
tallic powder, Bonding and structural strength may
vary from poor to good, Initial cleanlineas is dif-
ficult to attain and migration cannot be totally
eliminated, even by plating, This is a depth-type
element,

Composite sintered metal and wire cloth elements
hava been developed to obtain the depth characteris-
tics of aintered metal while using the wire mesh as
a backup to help reduce migration, It has been
found, howovar, that initial cleanliness is quite
poor and that migration from the metal/wire inter-
face can be quite scvere,

Edge filtcrs are formed from stacked porous washers
or from ribbon wound to form a hollow cylinder, The
stack 1s mechanically compressed so that pore size
will not vary, This is a surface-type element, Good
initial cleanliness can be attained, and media mi-
gration is low, Size and weight can become excessive
for some design applications,

Etched disk filters are similar to edge types ex-
cept that each washer has one face chemically etched
to create an intricate f£low path, thus creating a
depth £ilter, Initial cleanliness and migration
characteristics are both quite good, Size and weight
can be excessive,

Pvessed paper or matted fibers are available in such
forms as cylinders, discs, and corrugated shapes,
Wide variation may exist in pore size and structural
properties, Initial cleanliness is difficult to at-
tain and migration will be present, Depth is pre-
sent only to a limited degree,

Microcellular plastic filters are most often used
for sampling apparatus and for filtering cleaning
agents, They are surface~type filters consisting
of a thin porous membrane wherein the size of the
capillary pores can be quite closely controlled,

Some available materials are cellulose esters, ny-
lon, polyvinyl chloride and epoxy, Such membranes




are presently available down to the extraordinarily
small size of 0,01 * 0,002 micron and are used in
sterilization applications, Initial cleanliness and
migration tendencies are reported to be excellent,
These are not generally available in sizes adequate
for large continuous system flow applications,

Any selection of media material should be carefully scrutinized
for compatibility with the operational fluid and with anticipated
c¢leaning agents, The most common media cleaning techniques (where
cleaning capability exists) are back flushing and ultrasonic,

Filter Case Design

The success or failure of a fluid filter depends to a large
extent on the case design, primarily in the method of sealing the
upstream face of the element from the downstream side, Any leak-
age across this interface will defeat the purpose of the filter,
This interface is ordinarily a design feature of the various man-
ufacturers, so that the system designer has a choice, but very
little control, There are other design features, however, (Fig-
ure 12) that are often offered as options which may have applica-
bility in certain places and should receive consideration by the
system designer:

1) Dual-element filters consist of two elements of dif-
ferent ratings, one within the other, either of which
is removable, A common rating for hydraulic service
is 3 microns primary and 15 microns secondary (abso-
iute), The major advantage of this configuration is
that the primary element can be removed and replaced
without disturbing the secondary element; thus, the
system is not subjected to the atmosphere during fil-
ter maintenance, The secondary element is always
functioning and provides redundancy in filtration,

2) Differential pressure iadicators are available in the
form of a colored button of some sort that pops up
when the dirt accumulation on the element creates a
pressure drop of a predetermined value across the
filter, Such a device is a useful aid to maintenance
procedures in systems that may see large amounts of
contamination, They may be used, for example, down-
stream of a known contamination generator such as a
hydraulic pump, It is possible for these devices to
give a false indication, particularly in systems which
may see short, severe pressure surges, If pressure
indicators are used as a primary indication for filter

29
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element replacement, the filter should be designed
with sufficient margin between the /P indication and
element collapse or failure, This margin should be
sufficient to allow one full operation of the system
after the AP indication, Stringert inspection controls
are necessary if sole responsibility for performance

is placed upon the indicator, rather than a periodic
scheduled replacement of the filter e¢lement,

3) Bypass loops that route the system fluid around the
filter if it should become clogged to a specified de-
gree are available from most manufacturers, This
feature essentially removes filtration capability
from the system, and should be used only in connec-
tion with components of such criticality that function
must be maintained, The theory is that short-term
operation with dirty fluid is better than no operation
due to fluid starvation, or collapse of the filter
element,

When incorporating a filter into a system, the designer must
assure that the element structure and methods of attachment to
the case are adequate to withstand the most severe anticipated
conditions of pressure, surges, two-phase flow, etc, Migrating
portions of filter media have often been the cause of severe
mechanical damage to downstream components, Consideration may be
given to procurement of components with built-in filtration capa-
bility, or to small filters that are adaptable to plumbing fit-
tings such as unions and adapters, Caution should be exercised >
when using small filter elements, Because of their size limita-
tions, the filter area is very small, If the component sees
large quantities of fluid or excessive levels of contamination,
the filters will load up quickly and will collapse and migrate
downstream. Another problem associated with component filters
and fitting screens is that they are geldom maintained or cleaned.

Accessibility for element changeout must be considered from
the maintenance viewpoint; space limitations may even dictate
case design. In-line filters installed in hard pipe installations
present a problem when maintaining the filter or replacing ele-
ments. Again, when writing filcer specifications, it is recom-
mended that vendor cooperation be invited, and that careful accept-
ance test requirements be included., The simplest possible case
designs are to be recommended for ease of cleaning,
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CONSIDERATIONS IN DESIGN

After functional design parameters and material compatibility,
probably the most important design consideration for fluid com-
ponents and systems 1is contamination control., It is within the
designer's province to determine and correct the factors that
lcad to contamination problems, A few of the items to be con~
sidered include materials, finishes, manufacturing processes,
clearances, and other physical features. Some specific recom-
mendations arc presented in the following paragraphs.

Components

>

Although component design is a critical factor with respect
to contamination control, the system designer must exhibit aware-
ness if he is to make intelligent component selections to meet
the required system parameters. When evaluating components to
meet system specifications, the following design practices should
receive particular attention:

1) Design components so that they will accept large
amounts of contamination and still meet their per-
formance requirements;

2) Maintain large flow areas through components, par=-
ticularly through poppet valves and main sealing
surfaces, to reduce fluid velocities and subsequent
erosion;

3) Orifice diameters should be held to approximately
800 microns (0.030 in.) minimum. Holes or passages
of this size, when used with adequate filtration
equipment, should not present any real problem due
to particulate matter;

4) If functional requirements demand orifices smaller
than 0,030 inch, then consideration should be given
to the use of two or more orifices in series, or flow
limiting devices such as ''visco-jets," to achieve the
required pressure or flow as a step-function;

5) Orifice diameters should be no less than one-half the
largest particle diameter expected in the system. A
more conservative approach would require orifice
diameters larger than thc largest particle diameter
ecxpected in the system;




6)

)

8)

9)

10)

11)

12)

13)

14)
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Orifices should be constructed from hard metals
hecause materials such as aluminum will erode on

the inlet edge and particles will gouge out the in-
slde diameter, changing the flow characteristics of
the orifice and generating mctal particles downstream;

Glearances should be maintained as wide as possible,
with very close scrutiny given to any requirement for
less than 0,005 fnch (127 microns). Provision of
loose clearances not only decrcases the sensitivity
of the part to contamination, but decreases its capa-
bility as a generator, thus favorably affecting [ur-
ther downstream components;

Wherce tight clearances must be provided (0.G01l inch

or less), consideration should be given to providing

a slight taper on the part that widens in the down-
stream direction; this has been found to be beneficial
in alleviation of stiction and silting problems;

Where clearances of less than 0,001 inch are necessary,
close attention must be paid to cleanliness levels,
and filtration equipment type and location;

Specify fine surface finishes on parts that must slide
against each other. A finish of 8-16 micro inches is
recommended. Finishes better than this will not re-
tain oil which is necessary for lubrication;

All of the forces (both fluid and mechanical) on moving
parts should be balanced to minimize friction and
wear;

Design valve actions with quick-opening areas to pre-
vent instability, throttling, and high seat veloci-
ties. (This is not applicable to gaseous oxygen
systems due to heat-of-compression effects.);

Direct the flow stream away from critical sliding
surfaces. Particles will impinge into the clearance
between mating parts and will cause galling or wear;

Avoid direct impingement of the flow stream on metal-
lic diaphragms and bellows. Particles in the flow
stream will erode the surface;
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16)

17)

18)

19)

20)

21)

22)

23)

Mechanical or cleetrical actuating forces applied tc
sliding mechanisms should be made as atrong as pos-
sible within reasonable limitations. Any force that
is marginal with respect to functional vequirements
will be susceptible to stiction or silting problems,
Since the fine particulate that brings about silting
conditions 48 not easily dealt with by individual
filtration, the provision of adequate positioning
forces in tipht-clearance applications becomes of
prime importance;

Design internal component filters with ample scrceen
arca. The sereen must be firmly attached with backup
support to prevent breakaway, rupture, or collapse

of the filter sercen;

Those surfaces of components that will be in contact
with the operational fluid should be frec {rom
crevices, blind holes and threads which all tend to
act as dirt traps. They are difficult to clean, and
the collected contamination will continually be re-
leased as pressures and flows fluctuate;

Cylinders, with rods cxposed to the environment,
should include environmental "boots' to protect
against rod corrosion and subsequent rod scal fail-
ures;

Avoid plating of springs or other parts subject to
torsional stress in order to avoid flaking of the
coating;

Use resilient elastomers for seat materials. Re-
silient materials will deflect particles and will not
erode as will metal seats. Soft seats will compen-
sate for scratches and imbedded particles;

Restrain seals on three sides to prevent cold flow,
which will decrease clearances on sliding parts.
Decreased clearances result in wedar and generated
contamination;

Particular attention should be applied to O-ring
groove design, Nibbled O-rings, because of wear,
rollings, spiraling, or pressure pulsations, become
contaminant; .

Eliminate sharp cdges and threads on leading edges

to eliminate O-ring damage upon assembly. Chips of
O-rings become generated contaminant to downstream

components;
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24)  kEnsure that O-rings do not contain lamination defects
or incluslons that will result in nihbled O-rings with
subsequent downstream contamination;

. 25) Place gaskets and seals so as to present a minimum
contact arca to the working fluid;

20) Chlorinated solvents (clcaning (luids) trapped in the
volds of a campoment may cause stress corrosiong

27) Minimize the use of lubricants in pneumatic component s,
Particles readily adhere Lo lubricant filmg and ve-
sult in an abrasive mixture;

28) Use lubricants sparingly in pneumatic systems. Many
lubricants, parvticularly those with a teflon hasc,
. dry out and hecome dry particle contaminants;

29) Eliminate feather edges, sharp corners, and other
delicate features that are susceptible to fatiguc
from flow oscillations or failure upon asscmbly;

30) Design flow paths with gradual enlargements and cons-
tractions. Sudden changes in the arca will act as
particle traps;

31) Disassembly and reassembly capability is nocessary
for case of cleaning;

32) Screw-type fasteners or other particle-generating
connectors and devices should be minimized;

33) Design with flow-through flushing capability in mind;

34) Flow-through Bourdon tubes can be obtained for pres-~
sure gages where trapped cleaning agents may promote
corrosion; these have a removable plug in the {ree
end;

35) Eliminate blind holes which become contaminant traps;

36) Avoid the use of bellows of convoluted sections which
are difficult to clean;

37) Sand cast holes and surfaces should be avoided, as
should any other surface structure that will gcnerate
-particles;

38) Convoluted hoses are difficult to clean initially and
will trap particles, generating large quantitics of
contaminant during operation.

- we




Manufacturing Prucesscs

Attention to small details during the manufacture of compunents
can reduce built-in contamination from thig primary source, Some
common recommendations to consider during manulacture are;

1)  Carefially deburr eaeh detail part;

2) Glean cach detail part with ultrasonics or vapor de-
preasing to remove cutting oils, Lapping compounds,
mold release residucs, dyos, and other suel products

3)  Pronibit the use af glass balls as a prinding or
lapping compound. They are ditriceult to remove | rom
the component, and are particularly detrimental to
cloge fitting parts;

4) Puysically locate all clean rooms and controlled en-
vironmental arcas away from the manufacturing operae
tiony;

5)  Brazing processes will gencrate small 20-micron par=
ticlus;

6) Heat-treat, weld, or braze prior to final machining
operations in order to avoid oxide formation;

7) Avoid sand castings. Core molding matcerials arc Jdif-
ficult to remove, and the small inclusions in the
casting cannot be cleaned ctfficiently;

8) Utilize plastic bagging during manufacturc, but avoid
the use of preservatives and coatings such as Cosmolone;

9) If at all possible, avoid the necessity for cleaning
of the finished article by an outside agency, pri-
marily because this means additional disassembly/
rceassembly/test operations with attendant contaming-
tion potential. Component integrity may be degraded
because of reassembly by personnel unfamiliar with
the function of the article, uncquipped with necussary
tooling, and unresponsive to immediate control by the
design activity;

10) Avoid joining techniques that preclude cleaning of

the detailed part or assembly after the previous manu-
[facturing process;

11)  Prohibit the use of patching materials on filter e¢le=
ments

e N e
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12) When using ultrasonic cleaning, analyze the energy
levels being used to prevent deterioration of the
product being cleancd;

13) After final cleaning, parts or components should be
packaged in heat-~scaled double plastic bags, to ecn-
sure cleanliness of parta. Redundancy in plastic
bags is required should the bag become punctured
during handling;

14) When chemical cleaning is required, clean cach puart
at its lowast detall leval, Cleanliness cannot
always be accomplished at the system level without
firat cleaning the detail parts,

Materfals

Proper choice of materials must be made with respect to con-
tamination susceptibility, as well as functional ecapability, and
is closely related to acceptable manufacturing processcs. Such
an abundance of materials exist, both metallic and nonmetallic,
that an intelligent choice may rcquire the assistance of a
specialist in the field, especilally on products for which little
past cxpurience cxists within the design activity., One of the
most important aspects, as discussed earlier, involves compati-
bility not only with the operational fluid, but with anticipated
cleaning agents. Certain other aspects that should receive con-
sideration follow:

1) General use of stainless steel 1s recommended in parts
that will be subjected to long periods of idleness or
that may be susceptible to internal moisture conden-
sation during shelf storage;

2) Soft or stringy packings should not be usad for valve
stem seals, etc, as these materials will be gradually
deposited in the fluid stream;

3) Choose dissimilar metals for wear points to avoid
galling problems and specify adequate hardness levels
to minimize the amount of generated contamiunation;

4) When using dissimilar metals, be aware of galvanic
corrosion potential as some fluids and clecaning agents
. tent to accelerate galvanic corrosion;

5)  Aluminum castings tend to shed large quantitics of
particles in the 3-micron range. In gencral, aluminum
surfaces that will be in contact with the operational
fluid should be anodized;
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6)  Cadmiom, ziinc, and tin plating tend to flale or serape
casily, Hars chromium plating is susceptible to
tatipue when oppliced to parts that may undergo slight
detormations daring service;

/) Rubber hoses shetld be avoilded as they are difficult '
to clean indtiall,, often contain molding residuces,

‘ and tend to continually shed small particles during

tlesure,  Tellon 15 a more desirable material, reine

foreed with stainless steel brald 1L neecssary;

) Avold the use of eorvamic materials, particularly those
wlth wnplazed supfaces,  Sueh surfaces ean shed small,
very hard particles that ean vesnlt {n abrasive damage;

9)  Components Lhat are known to he contamination pencrae
. tors, sueh as hydvaulle pumps, should be subjected to
A run=in or break-in perfod of operatilon prior to
shipment,  This technique is very beneficial in that
much of the Initial gencration of wear and abrasion
products will take place on, and be removed by, a
Cest stand rather than oceur later when the com-
plete system s Cirst placed 4n operation, The com=
ponent should be cleaned or flushed after this opera-
tion,

The role of the systems desipner with respect to contamination
control must be centered primarily on the ubility to maintain a
given cleanliness level by giving proper consideration to the
location’ of components, circuit configurations, assembly methods,
types of joints and fittings, and analysis of gystem contamination
sources.  Some of the more important practites covering thesc
concepts are:

1) Make provisions for system blow-threugh, purge, or
recirceulation capability., It is difficult to ensure
a degree of cleanliness in a system containing numerous
dead-cnded legs,  These can probably never be olim-
inated completely, but the primary Llow path should
be provided with return capability, Also, provisions
can olten be made for bypass loops or temporary
jumpers to be used only during maintenance activities;
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3)

W)

7)

6)

7)

8)

9)

39

Recommended filtration for hydraulie systems should
include a course (25 to 150 microns) sump inlet supply
filter, lS~micron filters prior to pumps that have
close clearances, and lh~mieron filters after the

pump, If the diastance frowm the pump to the aystem
components 1s long or complex, additional filtration

(15 microns) is required prior to the system components,
Critical components in the system may require addi-
tional filtvation, The fluid added te the reservoir
should be iltered to 3 microns;

In recireulating systemn, use vreturneline {iltration,
Large capneity, low mieron-rated {{lters can usually
be uwded sinee prossures are low and pressure drop &
not eritical. Sueh filters pravent generated con-
taminants from belny recivenlated through the aysatems,
thua alleviating wear and abrasfon problems;

Pneumatic systoems should be filtered (10 to 2% microns)
prior Lo the storape tank, downstream of the storage
tank, and pelov to the system ecomponents,  Additiona)l
tiltration may be required for critical compononts,
vehicic interfaces, downstream of compressors, or at
strategle points in the system Lf the system is large
or complex;

Provide accessible drains at the low polnts ot a
liquid system to facllitate removal of contaminated
fluid and improve flushing capability;

Streamline the plumbing runs as much as possible and
try to avold the usc of adapters and reducers. Un-
necessaty bends, loops, and other discontinuities in
the plumbing tend to trap particles or increase
settling tendenciles;

Avoid the use of pipe threads and thread lubricants.
Teflon tape with the wrap starting 2 to 3 threads
from the c¢nd has been found to be very satisfactory;

Minimire vibration and shock, particularly around
(ilters, Encergy introduced into a system materially
increases the migration of particles from all types
ol contaminant traps, and is often purposely used
during cleaning operations to enhance the process;

Adequate Ciltration is the best means of maintaining
svstem cleanlinesy;
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10)

1)

12)

13)

17)

18)

19)

20)

Reduced Llow rates should be employed during the
Initial starc-up of a system to prevent crasion and
coptamination failures., After initial asscmbly and
during the initial run-in, the system will gencrally
he at fts highest contamination level;

Iydraunlic systems should be designed with closed
vugervolrs,  Atmospheric moisture may cause condensar
tlon and attendent corrosion problems, contribute to
IMuld degradation, or simply fipair the purity of

Che worlkdng fluld,  Viable organisme will grow in
hydraulic oil that contains only a small amount of
vater,

When asaigning cleanliness levels, cost ceffectiveness
thould he optimized, Cleanliness levels for the con-

Chre system need not he ag stringent as that required
for the end point of the aystem 4f [Lltration is used;

Hogses and disconnects will generate large quantities
of contuminant, Use filtration downstream of these
componentis;

Maintain positive pressure on the system at all times
to preclude contamination from the atmosphere;

Feep hydraulic components and scals in a "wet" condi-
tion to keep the clastomers from drying out;

Lesign a system with consideration to atmospheric
conditions such as launche-stand water deluge, sand-
blasting, salt, humidity, wind, and wash down of com~
ponents with high pressure water hoses;

Never back=-flush a filter during system operation as
the contaminant collected on the inlet of the filter
will be distributed to the system as one gross slug
of contaminant;

Eliminate air from liquid systems. Pockets of air
included in, or in front of, a liquid head will pro-
duce very high velocities across valve seats with
rossible erosion of the seats;

1f a gas is used to purge, sample, or to perform a
functional check of a system designed for liquid
service, maintain low flow velocities;

When chemically cleaning large pipe distribution sys-
tems, use spool picces in place of the components,

Lustall clean components after the system piping is
¢leaned;
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21) Cylinders and other reservoirs are substantial con-
taminant traps. Provisions for draining and flushing
of such itcms are necessary;

22) Purge or maintain a positive pressure within clec-
trical cnclosures to prevent corrosion due to atmos-
pheric moisture and salt laden air;

23) Protect critical components by filters immediately
upstrcam of the component, or as an integral part of
the component. The amount of contamination in the
system will determine the filter size and thus the
location and type of filter.

Maintenance Considerations

The age-o0ld plea to design with maintenance in mind becomes
cven more pertinent when contamination control must play an im-
portant role in the successful operation of a system. Specific
maintenance provisions and schedules must be established if a
particular cleanliness level is to be maintained. It is genecrally
recommended that the system must never be eatered into for any
purpose except for replacement of a failed component. Equipment
and ports nccessary for any other purpose must be specifically
provided. The following are some of the more important functions
that should receive careful consideration:

1) System sampling is necessary in order to detcrmine
the cleanliness level of in operating system and to
establish controls necessary to maintain cleanliness;

2) The number, location, and type of sampling ports must )
be carefully determined, with particular emphasis on
accessibility and convenience;

3) A training program is recommecnded to make technicians

aware of the importance and requirements of cleanli-
ness control;

4) Sample reliability is susceptible to many variables
even under sptimum physical conditions in the ficld.
Sample analysis by a manual count with microscopic
techniques cannot be considered to be better than
+30% accurate between different personnel;

5) Provide sufficient space for ease of filter element

changeout. Use dual element filtration cquipment

where especially critical components are of concern,

thus avoiding system exposure to ambient conditions; {
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6) Establish realistic schedules for filtex maintenance.
Initially, schedules should be based upon an analysis '
of the cleanliness level specifications. Schedules
may then be adjusted after the system is in operation
and operating cxperience is gained on the amount of t
actual filter loading. Schedules should include a
margin of safety;

7) Specify depth-type filters where possible to reduce
maintenance requirements. Consider the use of filter
bypass loops to facilitate service and testing opera-
tions;

8) Do not perform any ficld disassembly of clcaned com-
ponents. Thesc should be bagged and sealed imme-
diately upon removal from the system plumbing, and
trangported to a clean environmental area for analysis;

9) When very clean conditions are required, or when en-
vironmental conditions are poor, a portable plastic
tent with low internal positive pressure capability
i3 recommended to help preserve system integrity when
component removal must be performed. Safety consider-
ations require that air be the pressurant;

10) Component ports and open plumbing ports should be
immediately capped or plugged. The use of plastic
caps is not advised, since they tend to shed par-
ticles upon being installed;

11) The use of lubricants should be carefully controlled.
Only the first three threacs of a fitting should be

lubricated. Teflon tape is recommended instead of
lubricants;

12) When known contamination generators are replaced be-
causc of wear and subsequent deterioration of pcr-
formance, further attention must be given to the
entire system since the contamination that has hcen
generated has undoubtedly been distributed far down-
stream. Thorough system fluid analysis should be
performed, and adequate system flushing, and subse-
quent filter element replacement must be accomplished
to return the complete system to an acceptable clean- '
lincss level. Only clean, bagged, and sealed com-
ponents should be reassembled into the system;




13)

14)

19)

16)

17)

18)

A bubble=-point check should be performed on filter
elements to ensure filtration effectivencss of the
celement.  This check should be made after the element
is manufactured and following any cleaning operations;

Identical or similar components should be cleaned at
one time to amortize the setup costs for cleaning,
Sctup costs are the same for one component or for
scveral components;

Open fittiugs should be cleaned with a suitable sol-
vent immediately prior to assembly;

Specific procedures should bhe implemented for sample
taking, test equipment hookup, and make-up fluid
addition;

Maiuntenance operations should be prohibited insofar as

possible during rainy or windy weather, or while dirt-
producing operations are being performed nearby;

The first replacement of filter clements should occur
just after initial run-in of the system, since the

ma jor contaminant accumulation will occur during this
period. '
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OPERATLONAL PRACTLIUES

Consideration for contamination control must not stop with
the design and installation phases of a fluid system., The third
aspect that must not be neplected is the manner in which the sys-
tem is operated. Unless knowledgeable and attentive procedures
are followed, any clean system will very quickly fall out of
specification. Operating procedures should be prepared by the
design activity and contain the following requirements as a min-
imum.

Initial Svstem Operation

The first service ttat a fluid system normally sees after
installation is a validation operation to prove satisfactory per-
formance, usually involving the use of test equipment. Controls
should be specificd in several areas:

1) Equipment required to f1ll liquid system rescrvoirs
should be cleaned at least to the system level and
the fluid should pass through a fine filter before
cntering the reservoir. Merely dumping fluid from
an open container, or using any available barrel pump,
will almost certainly contaminate the fluid before it
cven reaches the system;

2) Any test equipment that is to be attached to the sys-
tem, and any fluid contained therein, must be cleaned
at least to the system level. This is an area often
overlooked on ground support cquipment used oa site;

3) Since the fastest accumulation of contaminants in
recirculating circuits occurs during the initial run-
in period, when much leftover dirt from assembly and
products of wear and abrasion will be flushed out,
the first replacement of filter elements should be
performed at an earlier time than planned for routine
maintenance;

4) Lf initial system cleanliness has been necessarily
haphazard because of the physical configuration of
the circuit, consideration should be given to the
use of provisional filters until the desired con-
tamination level is obtained. The temporary filtra-
tion equipment can then be removed, and reliance
placed on the system filters.
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Yorual Systoem Operation

Some effective ways to control contamination are:

1)

2)

),

4)

One of the most effective ways to prevent entrance

of airborne contaminants into an operational fluid
system is to maintain continuous, positive pressure
on all plumbing (blanket pressure) during periods of
inactivity. This is often easy to accomplish in
gascous systems, and can be done without undue com-
plications in hydraulic systems. It is not desirable
to retain certain types of liquids such as cryogenics
or propellants that are likely to be corrosive or
produce a safety hazard due to boiling, in the sys-
tem piping. Such systems should be drained and
blanketed with an inert gas such as nitrogen. This
method is particularly cffective in preventing in-
ternal condensation resulting from the entrance of
atmospheric moisture, which is often an insidious
mode of performance degradation;

Nearly all fluid systems contain some electrically-
operated components, such as solenoid valves. The
cffect of atmospheric contamination on the electrical
portion of such componcnts is often overlooked by

the fluids designer. Inert gas purging of electrical
connectors is another important item to consider
especially when operating in an atmosphere that is
moist or salt-laden. Potting should be considered,
but may not always be adequate. Cases have been
noted where contacts have heen inadequately cleaned,
or where moisture has been trapped inside the potting
compound, and corrosion has proceeded internally;

Hydraulic systems should be constantly filled with
fluid to keep the various component seals wet during
long periods of system inactivity. Seals of a con-
figuration or material selected specifically for
operation in a liquid environment may shrink or dis-
tort if allowed to dry out, thus posing a potential
leakage problem;

Guard against overheating of hydraulic fluid -- the
temperature limitations contained in the fluid pro-
curement specifications should be carefully observed.
Overheated fluid may chemically decompose, creating
large amounts of sudiment, orxr resulting in the
deposition of gums or varnish throughout the system,
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SAMPLING TECHNIQUES

The stipulation of a required level of cleanliness for a fluid
system inhcrently dictates that samples of the operational fluid
be collected and analyzed for contamination. The basic steps of
particulatc analysis for 2 typical application consist of:

1) Obtaining a truly representative sample of the [luid;
2) Scparating the particulate matter from the sample;

3) Determining the quantity of particulate that [alls
within several arbitrary size ranges.

Several different methods are commonly used to accomplish these
tasks, none of which is completely satisfactory in all respects.
The ASTM and SAE have published several different procedures that
deal with this subject. Although sampling operations are not
usuelly controllable by the design activity, a discussion of
several aspects of the subject is presented below to make the
designer aware of operations that reflect, or may affect his sys-
tem requirements. (See References 4, 5, 9, and 10 for further
details.)

Visual Examination

Samples of liquids may be collected in bottles and examined
with the naked eyc or under a microscope for proper color, evi-
dence of sludge or suspended material, or other gross evidence
of contamination. Gases may be passed through a Millipore (or
equivalent) filter disc which is originally pure white; any con-
tamination in the gas will cause discoloration of the filter
which is then compared to a standard set of discs that can be
obtained for the purpose. Approximation of a certain shade of
discoloration is equivalent to a known contamination level. Ob-
viously, these methods are sensitive to technique and the tech-
nician's capability, and can be used ouly when loose requirements
exist.

Open Bottle Method

A common method of obtaining samples in hydraulic and other
nontoxic liquid systems is the opening of a convenient drain
valve at some point in the system and catching a sample of the
Lluid in an open glass container. The sample is then usually
taken to a laboratory wherce it is strained through a Millipore
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(or equivalent) filter disc, usually of 0.80 micron absolute
rating with a printed grid. Different colur discs are available
Lo provide contrast, depending on the type of contaminant that
is present. The disc is then placed in a microscope and, with
the aid of a calibrated eyepiece, the number of particles within
a given size range is counted manually. Typical size ranges are
=15 jp, 19-25 u, 25-50 i, 50-100 u, 100-150 u, and 150+. The
number of particles smaller than 5 p is usually quite large and
for that rcason not counted. Lt the fluid is particularly dirty,
it is common practice to count the particles in onc grid square
and multiply by the number of squares. The size range used will
depend on the specification to which the fluid is being checked.
The final count must be related to the volume of the sample,
often 100 mf. This method is subject to a number of possibili-
ties for crror, some of which are enumerated along with recom-
mendations in cach case:

1) Whether a sample typifics the fluid from which it is
drawn depends upon the manner in which the sample is
taken. First, the system should be flowing at the
nominal design flow rate, otherwise settling of the
fluid may result in an unrealistic concentration of
contaminants. Many maintain that to be truly repre-
sentative, a device similar to 1 pitot tube should
be inserted in the plumbing to craw fluid from vari-
ous points across the pipe diameter; this is known
as isokinetic sampling. Tests comparing the results
of the two methods, indicate that the need for this
refinement is somewhat debatable in liquid systems;

2) The sampling valve itself may be dirty; any contamina-
tion contained thereon may be washed into the sample.
To help avoid this problem, the valve port should be
carefully washed with clean solvent before the sample
is drawn. Also, a quantity of fluid should be flushcd
through the valve before the sample is collected;
this not only increases the validity of the fluid,
but helps wash away particles that may be generated
by the physical operation of opening the valve;

3) The collection bottle itself may be contaminated to
a higher degrec than the fluid. Extreme care must
be taken in handling the bottles in the field. They
must be thoroughly cleaned prior to use. A back-
ground count cannot bce established for a bottle.,
Cleaned closurces should be provided and put in place
immediately to preclude entrance of atmospheric con-
taminants;
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4) Since the entrance of extraneous contamination can
never be completely eliminated, it is advisable to
collect as large a sample as is practicabhle, such
as 1000 mg (1 liter). The larger the amount of actual
[Tuid particulate, the smaller will be the percentage :
of particulate that is extraneous (background). Thus,

, the sample will be more realistic. Particle counts
can later he related to a standard volume such as

100 mZ if required by specification. If relativcly
dirty systems (i.e., Level 8 of NAS~1638) are being
sampled, a4 100-mf sample is recommended since a 1000~
mf sample will contain too many particles and cannot
be counted by microscopic techniques,

I'ie¢ld Monitors (Bomb S ers

Several of the major filter manufacturcrs supply kits that
contain all of the hardware necessary for obtaining fluid samples
from pressurized systems under conditions considerably more pre-
cise than those associated with the open bottle method. Such
kits consist basically of a quick-disconncct coupling, a thrce-
way valve, a graduated flask, a membrane filter and holder, and
interconnccting tubing. The filter holders are disposable.
Membranc discs are assembled into the holders by the manufacturer
under ultraclean conditions. In practice, the system fluid is
routed from the quick disconnect coupling to the membrane holder
and into the flask. The 3-way valve allows the fluid to first
flush the conncections and tubing into a waste container, then be
directed across the filter membrane and into the flask. The 3-
way valve is then closed and the apparatus disconnected intact
from the system, and transported to a laboratory for analysis.
For particulate counting only, the disposable filter and holder
arc utilized. However, the fluid collected in the flask {is
available for further analysis such as nonvolatile residue, trace
impurities, moisture content, etc. These kits are equally appli-
cable to liquid or gas sampling. When sampling gases, a known
flowrate must be established, thereby permitting collection of a
sample of known volume. This may be accomplished by flowmeters,
or by a timed amount of flow through a calibrated orifice.

Bomb sampling equipment exhibits a distinct superiority over
the open bottle method in that extraneous contamination is mini-
mized, if care is exercised in the operation. The question of
sample representation is, however, still present. Consideration
of isokinetic techniques should still be given to gaseous systems,
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Millipore digeg are limited by the amount of differential
Pressure they wil) accept without fupturing, Hig) Pressure meme
brancs constructed from toflon or nylon mat will accept 1500 psy,
differential pressurc,  Millipore discs arc available in white
and different colors, and provide background contrast in order
to make the Job of counting particulatec easier,

Aut.omat ed samplin
el 00 vampling

Equipment g pPresently availahble from several manufacturers
for automatic, continuoug on-line particulate sampling, Thege
counters operate on ope of several diffchent Principles Involving
optics or clectronicg, They arc accurate, sensitive, and require
no physical hardling or manual counting methods. On the other
hand, they are difficule to adapt to rugged ficld conditions,
being essentially laboratory type :quipmenc, Remote sensorg may
be located in the system, with the recording devige located in
& controlled area, Automatic counters sensge pParticulate gize
O a projected arca or volume basisg. Since necely all particulatc
specifications are Presented in terms of the longent particle
dimcnsion, a direct correlation cannot be made with automatic
counters because of the different standard uscd, 4 distinct dig-

as particles and readily present them as 4 high Particulate count,
Such equipment ig not in wide use in field installations at the
present time, byt every possible consideration should be given to
its use,

Knowledge bossessed by the designer of basic sampling pro-
cedures ag vutlined above should enable intelligent provision
ol sampling hardware ang inclusion of meaningful requirements in
the system vperating procedurec, This knowledge should glso con~
vince the designer that sampling is anp imperfect art and should
not be relicd on ag a8 perfect indicator of the contamination
level within a fluid system,
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FLUIDS

The tollowing discussion is intended to acquaint the designer
with the degrees of particulate contamination that may be expected
in common procurement specifications for nitrogen, helium, and hy-

, draulic fluid,

Nitrogen

MIL-P-27401B dated 19 September 1962 (current issuc) is the
usnal specification referenced Lor the procurement of nitrogen for
pround faystems use,  This document covers both gascous and liqguid
types, and apccifics that either form shall contaln not less than
99.5% by volume nitrogen, and not more than 26,3 ppm muisture at
atandard conditions, No particulate size or weight limitatlons
are placed on the gascous form, but in the liquid, solid particu-
late shall not exceed 1.0 mg/liter, as trapped by a 10; absolute
membrane [{lter, Essentially this means that there is no guanti-
tative limitztion on particulate matter smaller than 10 microns,
and that there 1s no size limitation on the 1,0 mg allowable mass
quantity., It is specified that a 40-micron absolute filter shall
be installed between the manufacturcer's plant system and the con-
tainer to be used for delivery of the liquid nitrogen, From these
requirements, the designer should oxpect:

1) An appreciable quantity of particles less than 105
that may be detrimental due to silting and stiction;

2) A likelihood of fibers up to 400u (that could pass
the 40-micron filter);

3) A dcterminable quantity of particles 10 to 40 (up to
an aggregate mass of 1,0 mg);

4) No restrictions are placed upon the cleanliness level
uf the deliverv container and its initial particulate

contaminants may be transferred out of the container
with the fluid,

Helium

MIL-P-27407 Amendment 1 dated 8 January 1965 (current issue)
is the usual specification referenced for the procurement of gas-
vous helium, This document specifies that the helium gas shall
contain not less than 99,995% by volume helium, and not more than
9.0 ppm moisture at standard conditions., There are no particulate
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sizge or weight limitations specificed in this specification, and
ne Liltration ts specificed between Lhe wmanufactuyrer's plant and
the delivery container, LExtrancous partieculate frum the deldiversy
container may again be anticipated,

Hydraulic Fluid

1)

MIL-UI-5606]7 dated 26 June 1963 (current issuce) has

for ycars been the common specilication referenced

for the procurement of hydraulic oll for pgeperal uso,
Temperature limitations ave «65 to +160°F in open
systems and 65 Lo 4275°F in closed (alrlens) syalems,
Modeture Ta Jdmited to 100 ppm at atandard conditionn,
Solid particalate is Limited to 0,3 mg/ 100 midll i) iters
with slue restrictions as fo)lows for the same volame s

Size Range (microns) Allowable Number

5215 2500
16«29 1000
2650 250
51-100 25
Over 100 Nunce

“None 1s defined as one less than the
number of samples taken during a given
analysis,

Permission is given in this specification for the
addition (up to 20%) of polymeric viscosity-temper-
ature cocfficient improvers., Recently, industry
literature has reported that methacrylates added for
this purpose greatly increase the tendency of sub-
micronic particles in the fluid to agglomerate into
larger particles during periods of storage, Thus,
oil that met specification when it left the manutac-
turer may cvidence sludge in the can when opencd later
For actual use, These agglomerates may be broken up
by scevere agitation, but will reform if left in a
static condition. A vibratory cavironment appears to
fnercase the rate of agglomeration, apparently by in-
creasing the force with which particles strike cach
other, The methacrylate apparently serves as an ade
hesive, Typical agglomerate size may often reach
several hundred microns;
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HIT-1-6983C Amendment 1 dated 11 Scptember 1967 (cur-
rent dssuey is a more recent procurement specificatiang
for hydraulie oil with prescrvative propertics, This
il was primarily intended ns a preservative and Lest-
ing mediom, bt is commonly used In many hydraulic sys-
tems because of the corrosion inphibitor additive, No
specilic temperature limitations are given in Lhe
specifications, bul implied limits are -65 1o +]60°F

in open systems and ~65°F to +275°F in closcd (alrless)
Rystems . Molsture is Timited to 500 ppm at standard
conditlona, No mass Vimltation is given on solid
particutate matter, but the following size limltations
e dmposed per 100 mb o volume:

Size Range Allowable Number
515 2500
16-25, 1000

2650 250

2 =100 25

Over 100 5

The same allowable 207 addition of acrylic polymeric
additives ls allowed Lor viscosity Improvement, and

in addition additives arc allewed for corrvsion in-
hibition, Apparentiy duc tou this differcnce, the
lTiterature reports that this type of oil is much less
subject to agglomeration than is MIL-H-5606. No probh-
Tems result when the two types ofr vil are mixed to-
gether in any proportion, Scrious coneideration should
be given to this oil, primarily because of its improved
performance with respect Lo corrosion,

r
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CLEANI.INESS STANDARDS

As a maller of cducation for the deslgner who is unfamiliar
. with the vlforts of various technical socileties along the lines
«f coptamination control, tabular size/quanvity information is
pregsented in this section for three diffoerent standards that have
heen proposed at variovus Limes, and that have been widcly used
and quoted in the literature, All of these specificalions are
. dirceted toward hydraullce fluid and components, To the author's
knowledge, no similar documents have been formulated lor gascous
commoditics of any type, or for any other gpecific liquids, Lt
shiould be cmphasized that manual counting of particles 18 nul an
cxact gedence,  Particle counts can vary 130% botween skilled
technlelnns using the same equipment, The variance 18 often
larger than this, Analysls of particle count spectra should bhe
viewed In a broad scensce, rather than as concise numbers in explicit
. size ranges,

Cleanliness Specification -(NAS 1638)

Although this gpecification presents both size and mass cri-
leria Ffor particulate matter as scparate recommendations, no cor-
relation is intended between the two, The recommendations arce for
hydraulic fluid ¢ffluent from parts, agscmblics, lines, and fit-
tings, The cleanliness levels are based upon a 100-ml £luid vol-
ume,  No recommendations are given for application of a specilic
level of class to a particular picee ol hardware, 7The document
was preparced in 1964 by the Acrospace Industries Assuvciation of
Amcerica, Inc,, and coordinated with SAE Committce A-6,

1) Particulate Size Limitations

_ *Particle Size Range (microns)
Class | 0-5 5-15 15-25 25-50 50-100 | Over 100

125 22 4 1 0
250 b4 8 2 .0
500 89 16 3 1
1,000 178 32 6 1
2,000 356 63 11 2
4,000 712 126 22 4
8,000 1,425 253 45 ) 8
16,000 2,850 506 90 16
32,000 5,700 1,012 180 32
64, 000 11,400 2,025 360 YA
128,000 22,800 4,050 720 128
10 256,000 45,600 8,100 | 1,440 256
1 512,000 91,200 | 16,200 | 2,880 512
12 1,024,000 | 182,400 | 32,400 | 5,760 1,024 ‘

c
TN~ CO
Unlimited

*No limitations are placed on size or quantity of fibers.,
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2) DParticulate Mass Limitations
Class 100 | 101 | 102 103 [104 |105 106|107 ]108
YWeight (ng) ) 0,02] 0,051 0,10]0,30}0,50}0,70]1,0}2.014.,0
, Note:  Sample volumes larger than 100 ml are recommended for
Classes 100, 101 and 102,
Cleanliness Specification - (ARTC-28)
This specification again presents size and weight criteria
separately, with no correlation intended between the two, This
document is intended to apply to hydraulic fluid as such, The
clean)iness leveis are based upon a 100-ml flaild volume, Some
recomnendat ions are given for specific applications, as noted in
the tabulations, The document wa. originally prepared in 1961
by the AIA, but underwent significant revision in 1964, It is
this revised data that is presented below; the carlier data is
seldom referenced,
1) Particulate Size Limitations
Particle Size Range (microns)
Class | 0-5 5-10 10-25 | 25-50 | 50-100 | Over 100 | Fibers
1 ! 220 20 5 0 2
o o
2 é g 530 60 10 1 3
3 E o 1530 150 15 1 4
~ ]
4 S 3 5530 420 40 3 7 '
5 ° 1650 320 25 0 1
&
Note: 1. Class 1 is for grouad test units.
2, Class 2 is for servo and powcer systems,
3, Classcs 3 and 4 are for acrospace ground equipman
4, Class 5 is for refinery supplied fluid,
2) Particulate Mass Limjtdtions
Class 11 12 13 14 .
Weight (mg) 0,1 10,3 7]0,5 1,0
)
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‘ Cumbined Tentative Standard

Between the two editions of ARTC-28, a Lentative revision was
furmulated (largely to make the original slze ranges colncident
with publications of ather societics). This document received
wide eirculation and is often quoted in the literature, Although
never releasced as a distinct number-bearing document, this tahle
came to be known as <he "combined AIA-BAE-ASTM tentative standarvd,"
Again, the cleanliness levels are bascd upon a 100-ml fluid velume,
Approximate application information is provided, The intended
usage was the same as ARTC-28, No mass limitations were included,
nor are any limitations placed on fibers, Further use or refers
cnees Lo this data should be avoided; it 48 included hercin as
i background material only,

Particle Size Ranges (microns)
Class | 2.5-5.0] 5-10 | 10-25 | 25-50 ] 50-100} Over 100

0 2,700 670 93 16 1
4,600 | 1,340 210 28 3
9,700 | 2,680 380 50 5

24,000 | 5,360 7801 110 1
32,000 | 10,700 | 1,510 | 225 21
87,000 | 21,400 | 3,130 | 430 41

128,000 | 42,000 | 6,500 | 1,000 92

7-10 | 4 Pcnd}ng -

[w]
1
N
w

oL W~
Unlimited
Pending

Approximate Application Note:

Class 0 - Rarcly attained Class 5 - Poor missile

Class 1 - MIL-Hi-56068 system : '

Class Z - Good missiic system Class 6 - Fluid as rcceived

Classvs 3 and 4 =~ Critical Class 7 - Industrial scrvice
system, in general

‘In addition to these three documents which are rcasonably
well recognized throughout the industry, there are myriad speci-
[ications that have been generated over the past several ycars by
individual companies, the military, and NASA; no attempt will be
made to include any of Lhese here, Nearly all have evolved over
a span of Lime, based on successful experience; few il any, will
be found tu correlate exactly with the above so=-called industry
standards,




CLEANLINESS TEVEL RECOMMENDATIONS

This handbook has attempted to epumerate many of the more
important facuts of the design, operation, and maintenance of
ground luid systems which must be considercd 1f effective con-
Lamination control is to be achieved, This diversity of lactors
¢usentindly means Lhat any glven fiuld system ghould bhe dealt with
o an Individual basis when cstahlishing cleanliness levels,
¥oyvertheless, those persons undergoing thelr initiation Into the
(leantiness field invariably fecel the nced for seme baseline or
wround rule, "jumping-off place' from which to begin any in-
dividualized analysis. For this purpose, cleanlincss Jevel recome
mendations are glven In this seetion, These recommendations fol-
low the philosophy that the most economlceal means to achieve long
Lorm syslom reliability in terms of contamination gensitivity is
to conform to four basic eriteria:

1) besign or select all components for maximum dirt
tolerance;

2) Tnclude thorough filtration capability in the design;

3) Llnitially clean components and systems to a readlly
obtainable, cconomically feasible level;

4) JFollow strict, meaningful uperational and maintcnance
procedures,

The following cleanliness levels are not intended for across-
the-board applications to any fluid system, but rather should be
considercd as a realistic starting point for an individual system
analysis. The following specific restrictions apply:

1) Ground systems only, opcrating under ordinary ambicnt
conditions at pressures up to 6000 psig;

2) Fluids imply hydraulic oil, gaseous nitrogen, and
gascous heliumg

3) lydraulic scrvo valves or other extremely close-
tolerance components are not present in the system;

4) systems in which one contamination failure will not
result in mission abort or failure, or result in a
hazard to persoancl,

!
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. Hydraulle Recommendations

It is expected that components will be cleaned by the rinsc
. method 1in n controlled environment, and that system fluid samples
will be obtained through the use of a "hombh" gampler, Criteria
1s per 100 ml of {luid, A minimum of 200 ml of solvent per squarc
Foot uf significant surface arca should be used in the rinse sample,

1) Component Clecanliness Level

Particle Slaze
(micron) (=5 5=15 15-25 125=50 |50-100 |over 100

Quantity

per £t of

Significant No limit | 48,000 8,500 | 1,500 250 50
Surface Arca

2) System Cleanliness level

Particle Sizc
{micron) 0-5 5-15 15-25 | 25-50 |50-100 | Over 100
Quantity per
100 ml of
Fluid No limit | 64,000|11,400 |2,025 360 64

Pneumatic Recommendations

Again, rinse methods for components and bomb sampler systems

arce recommended, The following rccommendations are based on levels
that have been found to be acceptable through extensive experience
and tests with pnecumatic systems, Criteria is per square foot of
surface arca for com’ nents and 100 grams of gas for the system,
A minimum of 200 ml ot solvent per square foot of significant sur-
face arca should be used for the rinse sample, or 200 grams of gas
for a systom blow-down sample. Membrane rating should be no great-
er than 0.8 micron absolute,
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1) Component Cleanlinese Level

Particle 8ize
(micron) 0-300 300-500 | 500-~1000 Over 1000

Quantity

per £t of
Significant
Surface Area Unlimited® 10 2 None

Fihcr Length
(micron) 0-750 750-2000 | 2000-6000] Over 6000

Quantity

per [t7 of
Significant
Surfacc Arca Unlimited* 20 2 None

#Total filterablc solids limitation 0.45 mg/ft”

2) System Cleanliness Level

Parcicle Size

(micron) 0-300 300-500 | 500-1000 Over 1000
Quantity per
100 grams Gas | Unlimited? 10 2 None
Fiber Length

(micron) 0-750 750-2000 | 2000-6000 | Over 6000
Quantity per
100 grams Gas Unlimited® 20 2 None

t+Total filterable solids limitation 0.3 mg/100 grams gas
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